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SUMMARY

BACKGROUND—Confirmation of cure for multidrug-resistant tuberculosis (MDR-TB) patients 

requires laboratory tests for Mycobacterium tuberculosis growth on culture media. Outcome 

decisions dictate patient management, and inaccuracies place patients at an increased risk of 

morbidity and mortality, and may contribute to continued transmission of MDR-TB.

OBJECTIVE—To examine concordance between programmatic and laboratory-based MDR-TB 

treatment outcomes.

METHODS—The study population included 1658 MDRTB patients in Peru treated between 1996 

and 2002 with both program and laboratory-based outcomes. Laboratory-based outcomes were 

assigned according to international standards requiring at least five consecutive negative cultures 

in the last 12 months of treatment to confirm cure.

RESULTS—Compared to the global culture-defined standard classification, only 1.1% of 

treatment successes, but 54.3% of failures, were misclassified programmatically. Overall, 10.4% 

of patients identified by a clinician as having a successful treatment outcome still had cultures 

positive for MDR-TB.

CONCLUSION—Most patients with successful treatment outcomes by strict culture definitions 

were also classified by clinicians as having successful outcomes. However, many culture-

confirmed failures were missed. In light of delays and incomplete access to culture in MDR-TB 

programs, efforts should be made to improve the accuracy of programmatically determined 

treatment outcomes.
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There are an estimated 14 million cases of tuberculosis (TB) worldwide, with multidrug-

resistant TB (MDR-TB) making up a growing percentage.1,2 MDR-TB is defined as a strain 

of Mycobacterium tuberculosis resistant to at least both isoniazid and rifampin, the two most 

effective first-line drugs. Treatment for MDR-TB is longer and more complex than for drug-

susceptible TB, requiring four or more secondline medications.3 These drugs are more 

expensive, can cause severe adverse events, and must be taken for at least 18–24 months.4,5 

Due to these challenges, poor treatment outcomes among patients with MDR-TB are more 

common than for those with drug-susceptible TB.6,7

Patients with MDR-TB should be placed on an appropriate treatment regimen and treated 

continuously until a cured or completed outcome is achieved. If treatment ends before a 

patient is effectively cured, it can result in poor individual outcomes, including worsening 

disease and death.5 These patients may also contribute to the ongoing spread of MDR-TB in 

the community, compromising TB control efforts.

Proper and complete treatment for individuals with MDR-TB is therefore extremely 

important. The standardized method of determining cure is based on bacteriologic laboratory 

testing for the growth of M. tuberculosis on culture media. An international working group 

proposed a set of consensus definitions in 2005, with outcome determinations based on 

culture results in the final 12 months of treatment.8,9 Without laboratory validation research 

and studies looking at prospective data on disease recurrence, it is unknown whether 

bacteriologic results accurately reflect true treatment outcomes, but laboratory-based 

determinations are currently considered best practice. In resource-poor areas, however, 

laboratory results can be slow and difficult to obtain, due to shortages in equipment and 

human resources, inadequate infrastructure, and weak transportation and management 

systems.10 Health care providers therefore often rely on clinical observation to determine 

treatment outcomes. These programmatically based outcomes have become the convention 

in many areas, even where laboratory testing services are available.11

Given the practice of basing treatment decisions on provider-determined outcomes and the 

difficulties of obtaining laboratory results in resource-poor settings, it is important to 

establish the accuracy of programmatically determined treatment outcomes. Here, we 

describe the concordance between the two types of outcome assignments and the predictors 

of concordance among a cohort of MDR-TB patients in Peru.

METHODS

Study population

A retrospective cohort study was conducted to compare programmatically assigned and 

bacteriologically defined MDR-TB outcomes among adult patients in Peru who initiated 

treatment between August 1996 and March 2002. Eligible patients were identified from an 

electronic database with information abstracted from patient medical charts. Individuals who 

started treatment during the study period were examined for treatment outcomes.
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The subset of patients who had both programmatic and laboratory-based outcomes was 

analyzed to determine concordance between the two methods, and to identify any socio-

demographic, social or clinical characteristics associated with concordance.

The study was reviewed and approved by the ethics review boards at the Instituto Nacional 

de Salud del Perú, the Harvard Medical School, and the US Centers for Disease Control and 

Prevention.

MDR-TB treatment outcome definitions

Programmatically determined outcomes—Programmatically determined outcomes 

were final MDR-TB treatment outcomes assigned by the provider and recorded in the 

patient medical chart. These outcomes were based on clinical judgment, taking into account 

medical history, treatment adherence, available smear and culture laboratory results and 

clinical presentation. Programmatically determined treatment outcome categories included 

cured, completed, defaulted, failed, died, discontinued due to adverse events, treatment 

suspended, transferred, in treatment, and not available. During the study period, 

programmatically determined outcome definitions were not uniform across providers or over 

time.

Laboratory determined outcomes—International consensus definitions were used for 

laboratory determined treatment outcomes, with three (cured, completed or failed) 

determined by bacteriologic testing.8 Cure was defined as completion of 18 months of 

treatment for standardized regimens and 24 months for individualized regimens, plus a 

minimum of five cultures testing consistently negative for M. tuberculosis in the final 12 

months of treatment. Patients with a single positive culture within this time frame were still 

considered cured, as long as the positive culture was followed by a minimum of three 

consecutive negative cultures taken at least 30 days apart. MDR-TB patients were 

considered to have failed treatment if, based on a minimum of five cultures in the final 12 

months of treatment, they had more than one positive culture result. Furthermore, patients 

with one of the final three specimens taken during treatment testing culture-positive, or for 

whom a clinical decision had been made to terminate treatment due to persistent culture 

positivity or adverse drug reactions, were also considered treatment failures. The treatment 

outcome ‘completed’ was assigned to patients who had adequately completed treatment, but 

had insufficient bacteriologic evidence to conclusively establish cure or failure.8

Patient socio-demographic and clinical characteristics

All medical and social history variables were categorized as ‘Known history of ___’ or ‘No 

known history of ___’. A count variable of social risk factors tallied the number of the 

following: homelessness, smoking, alcoholism, drug addiction, commercial sex work, 

criminal activity, imprisonment, unemployment, institutionalization, and military service. 

Body mass index (BMI) and age were examined as both continuous and categorical 

variables. Urban was defined as residing in Lima or Callao, the metropolitan Lima area.
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Statistical analyses

A simple κ statistic and 95% confidence interval (CI) was calculated to assess overall 

agreement between programmatic and laboratory outcomes. As the laboratory outcome 

variable had only three categories (cured, completed, failed), the programmatic outcome 

variable was also limited to these three categories.

Next, cured and completed outcomes were combined to form a single successful outcome, 

and contrasted against failure. For the purposes of this analysis, performance characteristics 

(sensitivity, specificity, positive predictive value [PPV], and negative predictive value 

[NPV]) were calculated using the laboratory outcome as the gold standard.

Finally, logistic regression was used to examine possible factors associated with outcome 

concordance. Available socio-demographic, clinical, and social history variables were 

examined for univariate association with outcome agreement, defined as 1 if laboratory and 

programmatic outcomes matched and 0 if they were different. Any variable with a univariate 

association P ≤ 0.2 was considered for inclusion in a multivariate model. All models 

included age and sex as potential confounders. Effect modification by treatment strategy 

(individualized or standardized) was assessed. A final model predicting concordance was 

constructed retaining only variables with P < 0.05. Analyses were performed using SAS, 

version 9.2 (SAS Institute Inc, Cary, NC, USA).

RESULTS

A total of 2961 MDR-TB patients initiated treatment during the study period: 1658 patients 

were included in the present analysis (Figure). The final study population, comprising 

patients with both programmatically and bacteriologically defined outcomes, was similar to 

the original cohort in terms of sex, marital status, and occupation, but had a significantly 

lower rate of human immunodeficiency virus (HIV) infection and a higher proportion of 

patients receiving individualized treatment (Table 1). The majority were male (60%), and 

49% were aged 20–29 years. Residence in the Lima/Callao metropolitan area was reported 

for 81% of the study population, and 58% were household contacts of a TB case.

Concordance between programmatically and laboratory determined outcomes

Of the 1152 patients declared cured by a clinician, 123 (10.7%) were bacteriologically 

deemed to be treatment failures (Table 2). Similarly, 27 (9.4%) of the 287 individuals 

clinically categorized as completed were bacteriologic failures. Together, these misclassified 

categories totaled 150 patients (9.0% of all patients) who were programmatically considered 

treatment successes, yet had laboratory evidence of persistent MDR-TB.

At the same time, 9 (6.4%) patients deemed treatment failures by their health care providers 

were cured, and an additional 5 (3.6%) completed treatment based on their laboratory 

results. Of the 71 individuals still in treatment, 31 (43.7%) had sufficient laboratory results 

to be considered cured, and 20 (28.2%) had laboratory results establishing treatment 

completion.

The overall κ statistic for percentage agreement was 0.30 (95%CI 0.25–0.34).
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For the dichotomized outcome–successful (cured or completed) vs. unsuccessful (failed)–

performance characteristics of programmatically determined outcomes were evaluated using 

the outcome based on bacteriologic laboratory results as the gold standard. The sensitivity of 

the clinicians’ determinations was 98.9%, but specificity was only 45.7% (Table 3). The 

PPV and NPV were respectively 89.6% and 90.1%.

Modeling for predictors of concordance

In univariate analysis, advanced education, employment as a health care worker, previous 

contact with a TB case, HIV, and receiving individualized treatment were the only 

predictors significantly associated with concordance between programmatic and laboratory-

based outcomes, based on a cut-off of P < 0.2 (Table 4). Only treatment strategy was 

retained in the final multivariate model as a significant predictor of the outcome match 

variable (individualized vs. standardized treatment odds ratio 2.00, 95%CI 1.48– 2.70, P < 

0.0001). In sub-analyses using stratified models and interaction terms, there was no 

detectable effect modification of other covariates by treatment strategy.

DISCUSSION

In this cohort of 1658 MDR-TB patients in Peru, the majority (64.1%) had the same 

outcome using bacteriological or clinical criteria. However, the proportion classified 

differently is of concern. Overall, 10.4% of the patients (150/1439) declared to be cured or 

completed by their health care providers were defined as treatment failures based on 

bacteriologic results. Once assigned a successful outcome, these individuals were released 

from care and given no further treatment, which could have resulted in worsening disease or 

death and a risk to their community. Misclassification as failure could also be cause for 

concern. This cohort contained 65 patients (4.0%) whose bacteriologic results indicated cure 

or treatment completion but who were still receiving treatment, or had been deemed 

treatment failures and could be referred for additional treatment. This unnecessary treatment 

could have negative consequences, including increased costs and potentially toxic adverse 

events from second-line medications.

The κ statistic of 0.30 indicates poor agreement between programmatic and laboratory 

outcomes. Due to the vital importance of accurate treatment outcomes for MDR-TB and the 

implications of misclassification, this level of agreement is not adequate.

The sensitivity and specificity illustrate the differences between the two outcome 

determinations. A high sensitivity of 98.9% shows that most laboratory-based successful 

outcomes are also being identified as successful outcomes using programmatic methods. 

However, the specificity of 45.7% indicates that fewer than half of bacteriologically 

unsuccessful MDR-TB treatment outcomes are being recognized as such by clinicians. This 

suggests a need to educate health care providers about the importance of continuing 

treatment until a successful outcome is confirmed bacteriologically. Further, previous 

research has reported that less than half of health care workers in Peru are aware that 

inadequate treatment could lead to drugresistant TB, highlighting a need to ensure all 

clinicians are aware of the causes of drug-resistant TB and the consequences of premature 

discontinuation of therapy.10 While the individuals surveyed were not necessarily the 

Alexy et al. Page 5

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



physicians making outcome determinations, these gaps in TB knowledge among health care 

workers could be negatively affecting TB management in Peru.

Only one variable was found to be a significant predictor of concordance. MDR-TB patients 

who received individualized treatment had twice the odds of having concordant 

programmatic and laboratory outcomes as those who received standardized treatment. 

Patients receiving individualized treatment regimens had more intensive follow-up 

(including twice-daily directly observed therapy by community treatment supporters), which 

could explain their increased odds of concordance.

Study limitations

This study had several limitations due to the constraints of available data. Nearly half of this 

patient cohort was excluded due to either a missing programmatic outcome or a lack of 

sufficient bacteriologic evidence to establish a laboratory outcome of cure, completion, or 

failure. The analysis population was statistically different from the full patient population on 

a number of characteristics. The necessary exclusion of this subset of patients may therefore 

have distorted the final results, if those without both outcome determinations were either 

more or less likely to have concordant outcomes.

The lack of validation of either bacteriologic or programmatic outcomes in this study makes 

the outcome discordance difficult to interpret. Our laboratory outcome of treatment failure 

was based on international consensus definitions;8 however, we recognize the constraints in 

deeming patients as failed based on bacteriologic findings at the conclusion of the treatment 

course without post-treatment followup.12 Prospective studies that include 6- or 12-month 

post-treatment cultures and clinical monitoring to reexamine treatment failures and relapse 

or recurrent disease rates of MDR-TB patients would provide valuable data on the accuracy 

of each of these outcome determination methods.

Data for this analysis were abstracted from medical charts and program data, which were not 

intended for research purposes. Many of the social and medical history variables were 

therefore missing for the majority of patients, and there was no mechanism for verifying the 

abstracted information. The missing data might be one reason why no social factors were 

identified as significant predictors of concordance.

Another shortcoming was the lack of information on physician characteristics. A physician’s 

training, experience, background, or location (e.g., in a high or low TB prevalence area) 

could conceivably affect his or her ability to correctly judge MDR-TB treatment outcomes. 

Some providers or facilities may have better track records than others at correctly 

determining outcomes, and future research could look at provider characteristics that may 

predict outcome concordance.

CONCLUSIONS

There are many reasons why programmatic outcomes do not always agree with laboratory 

results. In some cases, bacteriologic results may not be communicated to the physician, even 

if tests are performed and recorded at the national level. In other cases, the return of results 
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to the clinician may be slow, resulting in the patient’s outcome being established before the 

laboratory results arrive. Finally, some clinicians will rely on their own clinical judgment 

over the determination of a laboratory, perhaps because they distrust laboratory methods, or 

because they trust their own observation above a test result. Whatever the reason for the 

discordant outcomes, steps must be taken to increase concordance between providers and 

internationally recognized bacteriologic outcome definitions. Until a rapid test to monitor 

response to TB treatment becomes readily available, outcome determinations by clinicians 

will continue to be used; it is therefore necessary to create, evaluate, and implement a 

mechanism to improve the accuracy of health care providers’ outcome determinations. 

Additional research is needed to identify patient or physician characteristics that influence 

accurate clinical determinations. Studies looking at what characteristics physicians rely upon 

to make these decisions may help guide interventions to improve classifications. It is also 

imperative to emphasize increased laboratory capacity and quality assurance, as well as 

training on the importance of bacteriologic results. If clinicians are better informed about the 

value of laboratory results in making outcome determinations, then, as laboratory services 

become more readily available, these clinicians may rely on them to a greater extent. 

Ensuring that outcome determinations are accurate is an essential step towards controlling 

and reducing the spread of MDR-TB.
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Figure. 
Flow chart for inclusion in analysis of outcome concordance for MDR-TB patients in Peru, 

1996–2002. MDR-TB = multidrug-resistant tuberculosis.
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Table 2

Concordance between programmatically based and laboratory determined treatment outcomes (all categories) 

for multidrug-resistant tuberculosis patients in Peru, 1996–2002

Laboratory outcome

Programmatic
outcome

Cured
n (%)

Completed
n (%)

Failed
n (%)

Total
n

Cured 864 (75.0)* 165 (14.3) 123 (10.7) 1152

Completed 188 (65.5) 72 (25.1) 27 (9.4) 287

Failed 9 (6.4) 5 (3.6) 127 (90.1) 141

Discontinued 0 0 4 (100.0) 4

In treatment 31 (43.7) 20 (28.2) 20 (28.2) 71

Transfer 1 (33.3) 1 (33.3) 1 (33.3) 3

  Total 1093 263 302 1658

*
Number of patients (row percentage).
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Table 3

Concordance between programmatically based and laboratory determined treatment outcomes in binary 

categories for multidrug-resistant tuberculosis patients in Peru, 1996–2002

Programmatic
outcome

Laboratory outcome

Cured/completed Failed Total

Cured/completed 1289 (true-positive) 150 (false-positive) 1439

Failed   14 (false-negative) 127 (true-negative) 141

  Total 1303 277 1580

Sensitivity, %   98.9

Specificity, %   45.8

PPV, %   89.6

NPV, %   90.1
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Table 4

Univariate associations between socio-demographic characteristics and outcome match variable

Variable OR (95%CI) P value

Age category (6 levels, by decade) 1.00 (0.93–1.09) 0.30

Sex (male/female) 1.08 (0.88–1.32) 0.49

BMI category (4 levels) 1.07 (0.86–1.33) 0.57

Marital status 1.03 (0.89–1.19) 0.78

Any advanced education (yes/no) 1.22 (0.95–1.56) 0.12

Occupational category 1.00 (0.94–1.07) 0.61

Lives in metropolitan Lima (yes/no) 1.11 (0.86–1.43) 0.42

Count of social risk factors (0/1/2+) 1.03 (0.89–1.19) 0.69

Worked as health care worker (yes/no) 2.98 (1.02–8.72) 0.04

Contact with TB case (yes/no) 1.15 (0.94–1.41) 0.17

Diabetes (yes/no) 0.92 (0.58–1.45) 0.71

HIV-positive (yes/no) 0.49 (0.19–1.29) 0.14

Treatment strategy (individualized/standardized) 2.01 (1.49–2.71) <0.0001

OR = odds ratio; CI = confidence interval; BMI = body mass index; HIV = human immunodeficiency virus.
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